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Abstract: fi-3-Pinanyl-9-borabicyclo[3.3.1]nonane (3-pinanyl-9-BBN, prepared from (+)-a-pinene and 9-BBN) is an effec
tive chemical reagent for the asymmetric reduction of 1 -deuterio aldehydes to chiral 1 -deuterio primary alcohols. For example, 
benzaldehyde-/-rf is reduced to pure (S)-(+)-benzy\-l -d alcohol. A deuterated reagent prepared from a-pinene and 9-BBN-
9-d was found to reduce a variety of aromatic, aliphatic, and a,/5-unsaturated aldehydes to the corresponding chiral primary 
1-deuterio alcohols. In each case a large excess of the R enantiomer is formed. Steric factors seem to have little effect on the 
extent of asymmetric induction, but electron-donating para substituents on benzaldehyde slightly decrease the enantioselectiv-
ity of the reduction. A number of other chiral-9-BBN derivatives were investigated. A model is proposed to account for the 
high asymmetric inductions. 

We have previously shown that certain fi-alkyl-9-bora-
bicyclo[3.3.1]nonane (9-BBN) compounds reduce aldehydes 
under exceptionally mild conditions.3 Thus the sluggish re
action originally reported by Mikhailov4 can be made into a 
useful technique for the selective reduction of aldehydes.5 

Using the chiral reagent derived from a-pinene and 9-BBN, 
we have shown that benzaldehyde- 1-d may be reduced to 
chiral benzyl-/-^ alcohol of exceptionally high enantiomeric 
purity.6 Such optically active primary 1-deuterio alcohols have 
been used extensively for mechanistic studies of chemical and 
biochemical processes.7 However, previous techniques for their 
preparation are tedious or inefficient.8 Herein we establish the 
organoborane route as an effective general method for the 
preparation of diverse 1-deuterio primary alcohols of high 
enantiomeric purity. 

Results and Discussion 

In the initial experiments the readily prepared9 benzalde
hyde-/-^ was reduced by the S-alkyl-9-BBN reagents derived 
from (+)-a-pinene (1), (-)-/3-pinene (3), (-)-camphene (5), 
and (+)-3-carene (7) (Scheme I). The optical purity of the 
resulting benzyl alcohol was determined using the chiral NMR 
shift reagent tris[(3-heptafluoropropylhydroxymethylene)-
rf-camphorato]europium(III),sd Eu(hfc)3. The results are 
given in Table I. Since both enantiomers of a-pinene are 

Scheme I 

LoQ 

KX-KX". o 
readily available in high optical purity10 and since the corre
sponding borane, 2, gave the best results, it was chosen for 
further studies. 

In refluxing tetrahydrofuran (THF), the 3-pinanyl-9-BBN 
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(2) rapidly reduces benzaldehyde-/-d to (S)-(+)-benzy\-1-d 
alcohol of 88% enantiomeric excess (e.e.). When a slight excess 
of 2 is used, the reaction is over within 2 h even at room tem
perature; the enantiomeric purity of the alcohol is slightly in
creased to 90% e.e. Since the starting a-pinene was only 92% 
optically pure, the results represent an essentially quantitative 
asymmetric induction. In fact, using optically pure (+)-
a-pinene we cannot detect any of the R enantiomer by 
NMR. 

The process is operationally simple and can be done on a 
large scale. To facilitate isolation of the product and to mini
mize contamination by chiral impurities, the excess organo-
borane is destroyed by adding acetaldehyde. The pinene which 
is liberated during the reaction (eq 1) may then be removed 

H ,B3) OB: o 
+ C„HsCDO 

9"Q 
C(iH,^C—D + H2NCH.,CH,OH 

CM* •D + (D 

OH 

NH, 
/ 

CH, 
+ C M*-C-*D (2) 

H 

under vacuum. This process avoids the production of a second 
chiral alcohol, which may be difficult to separate from the 
product, following an oxidative workup." The addition of 1 
mol of 2-aminoethanol then precipitates the 9-BBN as an 
adduct12 and liberates the benzyl alcohol (eq 2). (Alternatively, 
the cyclooctylborane may be oxidized and the product sepa
rated from the 1,5-cyclooctanediol.12) However, even using 
this process the rotation of the alcohol is often too high, al
though the alcohol appears to be pure by NMR. Further pu
rification by conventional means such as careful distillation, 
liquid chromatography, VPC, or recrystallization of a deriv
ative is required to obtain a product of acceptable optical pu
rity. 

We have observed that tertiary /3 hydrogens preferentially 
react in the presence of secondary or primary /3 hydrogens.3 

In fact, a-pinene is the only detected elimination product from 
reagent 2. Thus the hydrogen added via the hydroboration 
process is the reducing hydrogen. Indeed, the organoborane 
resulting from deuteroboration of a-pinene with 9-BBN-9-d 
quantitatively transfers deuterium (based on the deuterium 
content on the 9-BBN-9-rf) to benzaldehyde. 

The availability of a deuterated reagent allows one to reduce 
a variety of aldehydes without the necessity of preparing di
verse 1-deuterated aldehydes. The results are presented in 
Table II. The asymmetric inductions observed are consistently 
high regardless of the structure of the aldehyde. Thus a tertiary 
butyl group (entry 3) has about the same effect as a straight-
chain alkyl group (entries 1 and 2). The reduction is more ef
ficient with electron-donating substituents. Interestingly, this 
increase in selectivity is accompanied by an increase in the rate 
of reduction. Thus p-nitrobenzaldehyde is reduced excep
tionally rapidly at room temperature, while p-dimethylami-
nobenzaldehyde requires 8 h at reflux to ensure completion. 
The effect of the para substituent on the rate of reduction is 
consistent with a hydride transfer to the carbonyl carbon in the 
cyclic transition state.3 The increase in enantioselectivity with 
increasing rate of reduction is surprising. However, this change 
in selectivity reflects only a small change in the difference in 

Table I. Reduction of Benzaldehyde-l-d with Chiral fl-Alkyi-9-
BBN Reagents 

reagent 

2 
4 

config 
of 

product 

5 
S 

% 
e.e." 

90 
47 

reagent 

6 
8 

config 
of 

product 

R 
S 

% 
e.e." 

75 
61 

'" Percent e.e. refers to the percent enantiomeric excess as deter
mined by Eu(hfc)3. No correction has been made for the enantiomeric 
purity of the starting terpenes. 

Table II. Reduction of Aldehydes with Deuterated B-3-Pinanyl-9-
BBN 

product 

1. C H 3 C H 2 C H 2 C H D O H 
2. CH3(CH2)4CHDOH 
3. (CHj)3CCHDOH 
4. C6H5CH=CHCHDOH 
5. (CHj)2C=CHCH2CH2-

CCH3=CHCHDOH 
6. C6H5CHDOH 
7. />-ClC6H4CHDOH 
8. /J-O2NC6H4CHDOH 
9. /J-CH3C6H4CHDOH 

10. P-CH3OC6H4CHDOH 
11. />-(CH3)2NC6H4CHDOH 

% 
e.e." 

83 
64 
70 
60 
58 

70 
87 
86 
76 
70 
61 

corrected 
for% 
D* 

101 
83 
91 
78 
75 

91 
94 
93 
83 
76 
66 

corrected 
for % e.e. 

of pinenec 

101rf 

89 
98 
84 
81 

98 
101 
100 
89 
82 
71 

" As observed by measuring the area of the carbinyl proton signals 
in the presence of Eu(hfc)3. The percent e.e. as measured by this 
method is low since undeuterated product contributes to both the 
peaks. * Entry 1 is corrected for 90% deuteration, entries 2-6 for 87% 
deuteration, and entries 7-11 for 96% deuteration. The difference in 
percent deuteration represents different samples of 9-BBN-9-*/. c The 
(-t-)-a-pinene was 93% e.e. d The a-pinene was 100% e.e. 

energies of activation leading to the two diastereomeric tran
sition states. Subtle changes in conformation or electronic 
repulsion or attraction could account for the difference. Al
ternatively, a dehydroboration-reduction process3 could be 
competing with the cyclic process in the case of the slower re
ductions. 

The absolute configuration for the major product of re
duction by deuterated 2 is the R enantiomer. This assignment 
is based on the greater shift observed for the carbinyl proton 
of the R enantiomer in the presence of Eu(hfc)3.

8d The alde
hyde therefore must approach the borane with the R group 
over the pinane ring and the aldehydic hydrogen over the 
methyl group, as depicted in eq 3. This model seems to con-

-O 
+ R»~C—H (3) 

tradict the simple theory for asymmetric reductions, which 
postulates that there is a dovetailing of a small and large group 
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on the ketone, respectively, with a large and small group on the 
reducing agent.13 However, models suggest the R group is 
situated over the bridgehead hydrogen of the pinanyl ring and 
that the bridgehead hydrogen is held away from the R group. 
The pinanyl methyl group on the other hand is freely rotating, 
and its hydrogens would interfere if the R group were to ap
proach from this side. This invariant result combined with the 
use of optically active shift reagents could be very useful in 
assigning the absolute configuration to chiral primary 1 -deu-
terio alcohols. 

The approach of the aldehyde with the R group toward the 
bridgehead hydrogen or large ring is also seen in organoboranes 
4 and 8. One may again postulate that the hydrogen on the 
bridgehead of 4 or on the carane ring of 8 is held back by the 
ring structure and thus gives the least resistance to the phenyl 
group. Organoborane 6 is the only one which follows the simple 
theory for asymmetric reductions. Benzaldehyde approaches 
the organoborane with the phenyl group away from the large 
geminal dimethyl group. 

It is possible that an initial complex between the organo
borane and the carbonyl oxygen may play a role in the ste
reochemical outcome of the reaction. Indirect evidence for such 
a complex is that a slight yellow to reddish-orange color de
velops upon addition of the aldehyde to the organoborane.14 

We reasoned that the best chance for observing such a complex 
would occur with a nonreducing, sterically unhindered orga
noborane and with a benzaldehyde containing an electron-
donating para substituent. Addition of 1 mol of 5-methyl-9-
BBN to 1 mol of /?-dimethylaminobenzaldehyde gave an in
tense reddish-orange color. The aldehydic proton absorption 
was shifted from <5 9.70 to 9.45 ppm. Excess organoborane 
caused a maximum shift to 9.00 ppm. The dimethylamino 
group was shifted only slightly upfield, indicating that the 
borane is not complexing significantly to the nitrogen. The 
aldehydic proton of benzaldehyde was also shifted in the 
presence of 5-methyl-9-BBN, but only 0.07 ppm upfield. These 
results are consistent with a stabilization of the positive charge 
on the carbonyl carbon in the complex by the electron-donating 
group. The importance of this complex in the mechanism of 
the reduction remains to be seen. Attempts to detect a complex 
with 2, which also gives a reddish-orange color, failed. Only 
reduction products could be observed. 

The reduction of aldehydes with 5-3-pinanyl-9-BBN pro
vides an efficient route to chiral primary alcohols with an en
antiomeric purity which approaches that of enzymes. The re
action consistently gives a predictable absolute configuration. 
Either the R or the 5* product is available by using either (—)-
or (+)-a-pinene or by using the deuterated organoborane re
agent. Finally, the reagent may be used to prepare chiral tri
tium-labeled alcohols.15 

Experimental Section 

All operations involving air-sensitive reagents were performed under 
a dry nitrogen atmosphere using syringe techniques.16 All glassware 
was dried at 135 0C for at least 4 h, assembled hot, and cooled while 
being purged with nitrogen. 1H NMR were obtained on a Varian 
EM-390 (90 MHz) instrument. The VPC analysis of reactions was 
carried out on a Hewlett-Packard 5732TCD chromatograph using 
6 ft X Vg in. SE-30, DC-710, or XE-60 columns as needed. Optical 
rotations were measured on a Rudolph Model 451 visual polarimeter. 
Areas of the carbinyl proton signal in the presence of Eu(hfc)3 were 
determined by cutting and weighing expanded spectra. 

THF was distilled under nitrogen from benzophenone ketyl and 
stored under a positive nitrogen pressure. Liquid aldehydes were 
distilled before use. Solid aldehydes were dissolved in a minimum 
amount of THF and added by syringe. Benzaldehyde-1-d was pre
pared according to the literature.9 Solid 9-BBN was prepared by the 
method of Brown17 and dissolved in THF to make a 0.5 M solution. 
9-BBN-°-d (87-90% D) was obtained from Aldrich Chemical Co. 
or solid 9-BBN-9-d (98% D) was prepared using borane-t/3 (Alfa) 

and 1,5-cyclooctadiene.18 a-Pinene ([a]22D +46.6° (neat, / = I)) and 
/3-pinene ([a]22D -21.0° (neat, / = I)) were obtained from Aldrich 
Chemical Co. A3-Carene, [a]25

D+15.4° (neat,/= 1), was a gift of 
International Flavors and Fragrances. These olefins were distilled 
under vacuum from a small quantity of lithium aluminum hydride 
prior to use. Camphene ([a]25D —108° (c 5, benzene), lit.19 [a]o 
— 117°) was prepared according to a literature procedure from I-
borneol.19 

Benzyl- 1-d Alcohol (from 2). A dry, 1000-mL flask equipped with 
a side arm covered with a rubber stopple, a reflux condenser, and a 
magnetic stirrer bar was flushed with nitrogen. The flask was charged 
with 25 g (0.205 mol) of solid 9-BBN. Then 400 mL of dry THF was 
added by a double-ended needle. This was followed by 35 mL of 
a-pinene (0.22 mol). The mixture was stirred at a gentle reflux for 2 
h. The flask was then cooled to room temperature and 19 mL of 
benzaldehyde-/-^ (0.185 mol, 99% deuterated) was added by syringe. 
The solution became slightly yellow. After 10 min the solution was 
refluxed for 1 h to ensure completion of the reaction. Then the mixture 
was cooled to room temperature and 5 mL of acetaldehyde was added. 
The THF was removed with a water aspirator. The pinene was then 
removed on a vacuum pump (0.05 mm, 2 h) with the flask surrounded 
by a warm water bath (40 "C). Nitrogen was admitted to the flask 
and 15OmL of anhydrous diethyl ether added. The solution was cooled 
to 0 0C and 12.4 mL (0.205 mol) of 2-aminoethanol added. A white 
precipitate formed and was removed by filtration. The precipitate was 
washed with 2 X 20 mL of ether. The ether solution was washed with 
water, then dried (MgSO4), and removed under vacuum. The resulting 
liquid was distilled through a 10-cm Vigreux column to give 16.5 g 
of benzyl-a-rf alcohol (81.6%): bp 110 °C (30 mm); [a]2 5

D +1.56 ± 
0.05° (neat,/ = 1),«25

D 1.5318 (lit.8a [a]2 4
D +1.58°, n20

D 1.5350). 
The compound appeared to be pure by VPC and 1H NMR: (CCI4) 
5 2.0(s, 1,H), 4.6 (t, 1 H , / H C D = 1.8 Hz), 7.33 (s, 5 H). Examination 
in the presence of Eu(hfc)3 indicated a mixture of 6% R and 94% S 
enantiomers. The alcohol may be further purified as the phthalate 
ester to give a product with a rotation of [a]2 5

D +1.39 ± 0.05° (88% 
c.e.). Repetition of the reaction at room temperature (2 h) produced 
alcohol of 5% R and 95% 5 composition. 

Benzyl- 1-d Alcohol (from 4, 6, and 8). Olefins 3, 5, or 7 (5 mmol) 
were hydroborated with 9-BBN (4.5 mmol) for 2 h at reflux in THF 
and then cooled to room temperature. Benzaldehyde-/-d (4 mmol) 
was then added to each flask and the solution stirred overnight at room 
temperature and then refluxed for 1 h to assure completion. (Re
duction of benzaldehyde was usually complete after 2 h at room 
temperature as judged by VPC analysis.) The cooled solution was then 
treated with 0.5 mL of acetaldehyde and stirred for 15 min. The re
action was worked up as above by removing the solvent on an aspirator, 
heating under vacuum to remove olefin, and adding ether (10 mL) 
and then 2-aminoethanol (0.33 mL). The solid was removed and 
washed with ether, and the ether was washed with saturated sodium 
chloride solution. After drying with magnesium sulfate, and con
centrating the solution, the residue was distilled by Kugelrohr. The 
alcohol was then analyzed by NMR using Eu(hfch. The results are 
reported in Table I. 

Reductions with Deuterated 2. The following procedure is repre
sentative: «-pinene, 2.5 mmol, and 9-BBN-9-rf, 2.0 mmol, in 4 mL 
of tetrahydrofuran were refluxed for 4 h in a dry, nitrogen-flushed, 
round-bottomed flask. The solution was cooled to room temperature 
and freshly distilled hexanal, 2.5 mmol. was added. The solution was 
stirred overnight at room temperature. The solvent was removed by 
water aspirator and then the oily residue heated to 40 0C at 0.05 mm 
to remove the a-pinene and excess aldehyde. The flask was filled with 
nitrogen and the liquid dissolved in 4 mL of anhydrous ether and 
cooled to 0 °C. Then ethanolamine, 2.5 mmol, was added and the 
mixture stirred for 15 min. The white precipitate was removed by 
filtration and the ether washed with 10 mL of saturated sodium 
chloride solution. The ether layer was dried (MgSO4) and concen
trated and the product distilled by Kugelrohr (50 0C, 30 mm). The 
sample was then analyzed by NMR in the presence of Eu(hfc)3. Since 
undeuterated material contributes equally to the area of both the R 
and S signals, the percent e.e. was corrected for deuterium incorpo
ration using the following equations: % e.e. (corrected) = % e.e. 
(measured) (1 + X)/(1 - X), where % e.e. (measured) is determined 
from the peak areas and X is the fraction of undeuterated alcohol. 

p-Nitrobenzyl- 1-d Alcohol. The following modified procedure for 
the isolation of product was used: the reduction was performed at room 
temperature for 3 h. After destroying excess organoborane with ac-
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etaldehyde, the solvent was removed under vacuum at room temper
ature. The residue was dissolved in a small quantity of ether and 1 mol 
of 2-aminoethanol was added. The solution was filtered and the ether 
concentrated under vacuum (but not to dryness) (a drop or two of 
methanol will redissolve any precipitate). The product was eluted with 
ether from a silica gel column, concentrated by rotary evaporator, and 
distilled by Kugelrohr at 0.01 mmHg, 110 0C, yield 46%. (We have 
previously isolated this alcohol in 76% on a larger scale using fl-si-
amyl-9-BBN.5) 

p-Dimethylaminobenzyl-/-</ Alcohol. The following modified 
procedure was used: The reaction was refluxed in THF for 8 h. The 
solution was then cooled to room temperature and treated with 2 mL 
of water, stirred for 15 min, and then extracted with 2 X 30 mL of 
acidified water (concentrated HCl added dropwise until the solution 
had a pH of 1). The aqueous solution extracts were combined, made 
basic to pH paper (with 3 N sodium hydroxide solution), and extracted 
with 2 X 20 mL of ether (saturating the water with potassium car
bonate after the first extraction). The combined extracts were dried 
over magnesium sulfate, filtered, and concentrated under vacuum to 
yield the product (60%). Using B-siamyl-9-BBN on a larger scale, we 
have isolated the alcohol in 92% yield.5 

Organoborane-Aldehyde Complex. p-Dimethylaminobenzaldehyde, 
0.25 mmol, in 0.5 mLof THF was added to a nitrogen-flushed NMR 
tube. fl-Methyl-9-BBN20 (0.25 mmol) was added and the solution 
immediately became reddish orange. The aldehyde proton shifted 
from 9.70 to 9.45 ppm. Addition of excess B-methyl-9-BBN (3 mmol 
of borane to 0.1 mmol of aldehyde) caused an additional shift to a 
maximum value of 9.00 ppm. 
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Scheme I 

X = Cl, Br, NO2, ArSO2 

[XC(R)2NO2]-- — X- + R2CNO2 

R2CNO2 + >Cr -> [O2NC(R)2C^]--
[O2NC(R)2C*:]-- + XC(R)2NO2 — 02NC(R)2C< 

+ [XC(R)2NO2]--

Scheme Il can react further with the substituted nitroalkane 
via the S R N I process to yield the dimer of the nitroalkane 
(R2C(NO2)C(NO2)R2). Dehydrogenation of thedimerization 

Electron Transfer Processes. 18. Reaction of 
2-Halo-2-nitropropanes and 2,2-Dinitropropane with 
Resonance-Stabilized Carbanions and 1-Alkynyllithiums1 

Glen A. Russell,* Mikolaj Jawdosiuk, and Mieczyslaw Makosza 
Contribution from the Department of Chemistry, Iowa State University, 
Ames, Iowa 50011. Received September 11, 1978 

Abstract: a-Substituted benzylic carbanions react with 2-X-2-nitropropane, where X = Cl, Br, or NO2, to undergo dimeriza
tion with no evidence of formation of cross-coupling products. Lithium acetylenides (RC=CLi, R = alkyl) react with 2-
chloro-2-nitropropane or 2,2-dinitropropane to form the cross-coupled product (RC=CC(CH3^NO2) by a process which 
does not involve a free radical chain mechanism. 2-Cyano-2-nitropropane reacts with lithium acetylenides in THF to form the 
cyanoacetylene (RC=CCN). 
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